Allinea MAP and
Perf-report

New User Training 2017

Woo-Sun Yang
User Engagement Group, NERSC

February 23, 2017

=ad, U.S. D .
\ EPARTMENT OF Office of e

'ENERGY  science - B;ELE:JAE




MAP NEF

* Allinea’s parallel profiling tool with GUI

* Based on sampling

— Source lines are annotated with performance data

— Time series of performance metrics for all (MPI) processes are
displayed

e 4,096 MAP license tokens (MPI tasks)
— Shared by other users and among all machines
 Use NX or Allinea remote client
* Reverse connect also works for MAP
* Forinfo:

— https://www.allinea.com/products/map

— https://www.nersc.gov/users/software/debugging-and-
profiling/MAP/
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Using Allinea remote client

00 % Allinea MAP - Allinea Forge 7.0

°_ allinea

~

2§ FORGE

(1) Select ‘Configure’ to create a

dinea| - configuration for a NERSC machine
D DT Remote Launch:

allinea m

MAP

2"d entry for a MOM node
Cori: cmom02 or cnomO06
Edison: edimom01], ..., or edimomO06

Connection Name: cori *

Host Name: wyang@cori.nersc.gov wyang@cmom02.nersc.gov

How do | connect via a gateway (multi-hop)?
Remote Installation Directory: /usr/common/software/allineatools/default

Remote Script  /usr/common/software/allineatools/remote-init

| Always look for source files locally

@ Remote Client| 7
Test Remote Launch

(2) Create a configuration

Help OK Cancel

A
|
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Using Allinea remote client works, too

(3) Select a machine (4) Enter the NIM password

% Connect to Remote Host

PROFILE

)
Profile & program. Connecting to wyang@cori wyang@cmomO02 ...

LOAD PROFILE DATA FILE

Load a profile data file from a previous run. << Hide Terminal

OPTIONS * Department of Energy perscnnel.*

*Unautherized or improper use of this sys
administrative disciplinary actien and ciy

RemOte LaunCh: * penalties. _By continuing to use this system you
* your awareness of and censent to these terms and cenditions
J Off * of use. IOG OFF IMMEDIATELY if you do not agree to the

Conﬁgure.“ conditicns stated in this warning._*

SISOI’\

in

Password: I
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Using Allinea remote client (Cont’d)

(5) Submit a batch job on a NERSC (7) Set parameters and run
machine and start DDT 0o e % Run
Application: /globallcscratch1/sd/wyang/debugging/jacobi_mpiomp Details
$ salloc -N 1 -t 30:00 -p debug -C knl Application:  globalcscratch1/sdiwyang/debugging/jacobi_mpiomp | &3
e o Arguments: [~
$ module load allineatools stdin file: . a
$ map --connect ./jacobi mpiomp Woking Dreciony: B s
Duration: Sampling entire program Details
MPI: 4 processes, SLURM (MPMD) Details
Number of Processes: 4 z

v

(6) Accept the request

Processes per Node 1

Implementation: SLURM (MPMD) Change...
A new Reverse Connect request is available

' from nid06246 for Allinea MAP. a

srun arguments ¢ g4

v Command Line: —connect ./jacobi_mpiomp
7 OpenMP: 8 threads Details

Do you want to accept this request?
Number of OpenMP threads: 8 z

He|p Acce pt Rejec{ Submit to Queue Configure... Parameters...
Environment Variables: none Details
Help Options ﬁ Cancel

4
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How to profile with MAP NE

* Build a statically-linked executable The module name will
change to ‘forge’ for

$ module load allineatools future versions

$ make-profiler-libraries --lib-type=static  Build 2 static libs that MAP needs

$ ftn -c¢ -g -03 -gopenmp jacobi mpiomp.£90 Use the MAP-provided option file

$ ftn -03 -qopenmp jacobi_ mpiomp.o -Wl,@./allinea-profiler.ld -o jacobi_mpiomp

e Build a dynamically-linked executable

$ ftn -c -g -03 -qopenmp jacobi_mpiomp.£f90
$ ftn -dynamic -03 -gopenmp jacobi mpiomp.o -Wl,--eh-frame-hdr

* Run

$ salloc -N 1 -t 30:00 -p debug -C knl

S module load allineatools

$ map ./jacobi_mpiomp GUI mode

$ map --profile srun -n 8 -c 32 ./jacobi mpiomp Command-line mode

$ 1s -1 Profiling results saved in a file
—rW——————-— 1 wyang wyang 1253277 Feb 22 09:36 miniGhost flat 96p 6n 2t 2017-02-22 09-16.map

$ map miniGhost flat 96p 6n_2t 2017-02-22 09-16.map To view it
ZER, U.S. DEPARTMENT OF Office of
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Using numactl on KNL NEeF

* Avoid using numactl with MAP/7.0, as in

$ map srun —n ... numactl ... ./a.out

 Use ‘--mem-bind=map_mem:1’ etc., with srun,
instead of using ‘numactl --mem_bind=1’, etc.

* No equivalent for --preferred=1 for now.
* This problem will be resolved with a new Slurm.
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AP results

[ NN )
File Edit View Metrics Window Help

X/ miniGhost_flat_96p_6n_2t_2017-02-22_09-16.map - Allinea MAP - Allinea Forge 7.0

Profiled: miniGhost flat.x on 96 processes, 6 nodes, 192 cores (2 per process) Sampled from: Wed Feb 22 2017 09:16:44 (UTC-08) for 1,090.1s

Application activity

100

Hide Metrics...

T T o o 7 T e e e T T P T T P i o e e e 1

CPU floating-point
0%

100

CPU fp vector
0%

Memory usage
543 MB

09:16:44-09:34:54 (1,090.084s): Main thread compute 1.4 %, Pthreads 0.9 %, OpenMP 1.0 %, MP| 45.2 %, OpenMP overhead 5.2 %, Uncategorized

%.
1

Zoom 41 =

F DRIVER BSPMAF [ |

Time spent on line 111 & X

103 TIME_START = MG_TIMER() | Breakdown of the 22.0% time
50.6% it uescemi 104 CALMG_STENCIL ( IVAR, IERR ) spent on this line:
105 CALL MG_ASSERT ( IERR, 'DRIVER_BSPMA:MG_STENCIL', IVAR ) Executing instructions  0.0%
106 MG_PERF%TIME_STENCIL_PE = MG_PERF%TIME_STENCIL_PE + MG_TIMER() - TIME_START
107 Calling other functions 100.0%
108 ! Reduction across GRID option
109 @ IF ( GRIDS_TO_SUMI(IVAR) ) THEN =i
110 TIME_START 2 = MG_TIMER ()
44.0% 4 & 111 CALL MG SUM GRID (IVAR, GSUM IERR) v
S ey e ey
Rl . ol

Input/Output | Project Files
OpenMP Stacks

OpenMP Stacks | OpenMP Regions | Functionsl

Showing data from 96,000 samples taken over 96 processes (1000 per process)

g X
Total core time T I MPI IOverhead I Function(s) on line Al
&l driver_bspma_mod::driver_bspma
50.6% iimdmiiiiani W S5
44.0% 4 i i
2.6%L L 1.1% /global/cscratcl ng ost /source/DRIVER_BSPHA.F:104
0.4%, 50.59% of total core tlme was in 1 function (mg_stencil_mod::mg_stencil) called from this line
45.51% of total core time was in OpenMP code
0.1% | 5.09% of total core time was OpenMP overhead (in region)
7 aelacn_arera
Eldetach_arena
Bl detach_arena
Bl detach_arena
Eldetach_arena =

|Allinea Forge 7.0 [& OpenMP View
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MAP results (Cont’d)

% (O gtcmpi_1024p_16n_2017-02-16_15-51.map - Allinea MAP - Allinea Forge 7.0 <@cori03>

File Edit View Metrics Window Help

Profiled: gtcmpi on 1024 processes, 16 nodes Sampled from: Thu Feb 16 2017 15:51:38 (UTC-08) for 1,469.1s

®0 ®

Hide Metrics...

Main thread activity

GRUINDS NGO N | s s s £ s gl ot um i i Sanimeh - g Siienans O st R SIS I3 AL LI IR B0 S 2o
30.6 % B S —
0
CPU fp vector 00 el e e o o il L n o aoe e e o= o = ==l cmmede e L L L R Lo T
19.5 % L . -
0
Memory usage g2 §
891 MB
0
15:51:38-16:16:07 (1,469.108s): Main thread compute 70.1 %, MP| 18.2 %, Sleeping 1 1.7 % Zoom %1 = ©
F main.F90[]  F chargei.F90E | ¥ shifti.F90 [ I Time spent on lines 37-41 8 X For the
0.1% 35 rhoi=zion(6,m)*smu_inv | Brea't(do“;: of t:]e 6.5% time | d
36 , | spent on these lines:
2.7% 37 Executing instructions 100.0% S€ eCte
1.0% 38 Calling other functions 0.0% ||nes
0.5% 39 Time in instructions executed:
2.3% 40 . . -
B N -] 8.8% HN
0.1% 41 wzl=(zetatmp-zetamin)*delz \S/Zj:; m:;% ‘;Z'ir;tt e
0, — H N H . )
il Hmax(Ominimasta-Lint{wr1) A | s
« D Vector integer 0.0% |
Input/Output I Project Files  Main Thread Stacks I Functions I
Main Thread Stacks & X
Total core time |MPI |Function(s) on line =
= ¢ gtc
=l chargei
40%_ .. ... ... 4.0% mpi_allreduce_
3.9%
2.8%
2.7%
o] 70/‘_’ L'

Showing data from 1,024,000 samples taken over 1024 processes (1000 per process)
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Adding more metrics to the display panel m

* You can add more performance metrics

Zoom e /e
Predet: Default

ne spent on lines 37-41 o
Preset: Activity Timelines

ireakdown of the 6.5% time
pent on these lines:

Preset: CPU Instructions

. o _ - Preset: CPU Time
:xecuting instructions 100.0%

Calling other functions  0.0% Preset: 10
i ini ; Preset: Lustre
ime in instructions execute

Preset: MPI

scalar floating-point 58.8%
lector floating point D.C
scalar integer 1.2%

Preset: Memory

Activity Timelines »
lectori=*---= AN ;
- v CPU floating-point
CPU integer CPU Time »
CPU memory access | 10 >
R o oo (NI :
CPU integer vector MPI >
CPU branch Memory 4
Unavailable groups »
R
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Profiling only part of a program

e C
— Include
* #include “mapsampler api.h”
* allinea start sampling()
* allinea stop sampling()
— -IS{ALLINEA_TOOLS_DIR}/S{ALLINEA_TOOLS_VERSION}/map/wrapper
— -LS{ALLINEA_TOOLS_DIR}/S{ALLINEA_TOOLS_VERSION}/lib/64 -Imap-sampler

* Fortran

— Include

* CALL ALLINEA START SAMPLING()
* CALL ALLINEA STOP_ SAMPLING()

— -L${ALLINEA_TOOLS_DIR}/${ALLINEA_TOOLS_VERSION}/lib/64 -Imap-sampler

» Before starting your program:
export ALLINEA SAMPLER DELAY START=1
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Perf-report :

* Newly installed on Cori and Edison
* Allinea’s tool for a quick characterization of paraliel
code performance

— Based on times spent in 3 areas
— “Compute-bound,” “MPIl-bound” or “lI/O-bound”
— Results in html and plain-text files

* Build exactly the same way as you do with MAP
* 4,096 license tokens (MPI tasks)

 For info:

— https://www.allinea.com/products/allinea-performance-
reports

Office of
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How to use perf-report

* Run under perf-report

salloc -N 1 -t 30:00 -p debug -C knl

module load allineatools/7.0-rep

export OMP_NUM_ THREADS=8

perf-report srun -n 32 -c 8 ./jacobi_mpiomp

The module name will
change to ‘forge’ for
future versions

1ls
miniGhost flat 96p 6n 2t 2017-02-22 12-26.html
miniGhost flat 96p 6n 2t 2017-02-22 12-26.txt

v »n n v n

— Don’t run with numactl with version 7.0
* Generate a perf-report output from a map file

$ module load allineatools/7.0-rep

$ perf-report miniGhost_flat 96p 6n_2t_ 2017-02-22 09-16.map
S 1s -1

miniGhost flat 96p 6n 2t 2017-02-22 09-16.html

miniGhost flat 96p 6n 2t 2017-02-22 09-16.map

miniGhost flat 96p 6n 2t 2017-02-22 09-16.txt

~
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Perf-report (cont’d)

srun -n 96 --ntasks-per-node=16 -c 16 Compute
/tmp/miniGhost_cache.x --scaling 1 --nx 336 --ny |
336 --nz 336 --num_vars 40 --num_spikes 1 —- f
- debug_grid 1 --report_diffusion 21 —--percent_sum
alllnea 100 --num_tsteps 2 --stencil 24 -—comm_method
PERFORMANC 10 --report_perf 1 --npx 4 --npy 4 --npz 6 —- \\
REPORTS error_tol 8 L —\\
6 nodes (68 physical, 272 logical cores per node) MPI /O

94 GiB per node

96 processes, OMP_NUM_THREADS was 2
nid06709

Wed Feb 22 2017 10:42:48 (UTC-08)
1102 seconds (about 18 minutes)

/tmp

Summary: miniGhost_cache.x is Compute-bound in this

configuration
Time spent running application code. High values are usually good.

Com pUte 60.1% _ This is average; check the CPU performance section for advice
Time spent in MPI calls. High values are usually bad.

MPI 39.9% - This is average; check the MPI breakdown for advice on reducing it
Time spent in filesystem 1/O. High values are usually bad.

| /O 0.0% ‘ p y g Y

This is negligible; there's no need to investigate |/O performance

This application run was Compute-bound. A breakdown of this time and advice for investigating further is in the CPU
section below.

>
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Perf-report (cont’d)

U.S. DEPARTMENT OF
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CPU

A breakdown of the 60.1% CPU time:
Single-core code 2.0% |

OpenMP regions 98.0% NN

Scalar numeric ops 4.9% |

Vector numeric ops  <0.1% |

Memory accesses 64.8% N

The per-core performance is memory-bound. Use a profiler to

identify time-consuming loops and check their cache
performance.

No time is spent in vectorized instructions. Check the compiler's

vectorization advice to see why key loops could not be vectorized.

/O

A breakdown of the 0.0% 1/0 time:

Time in reads 0.0% |

Time in writes 0.0% |

Effective process read rate  0.00 bytes/s |
|

Effective process write rate  0.00 bytes/s

No time is spent in |/O operations. There's nothing to optimize
here!

Memory

Per-process memory usage may also affect scaling:
Mean process memory usage 518 Mi3 [

Peak process memory usage 524 Miz [

Peak node memory usage 12.0% 1

The peak node memory usage is very low. Running with fewer MPI
processes and more data on each process may be more efficient.

Office of

MPI

A breakdown of the 39.9% MPI time:

Time in collective calls 97.1% N
Time in point-to-point calls 2.9%

|
Effective process collective rate 5.24 bytes/s |
Effective process point-to-point rate 2.88 MB/s I

Most of the time is spent in collective calls with a very low transfer
rate. This suggests load imbalance is causing synchronization
overhead; use an MPI profiler to investigate.

OpenMP

A breakdown of the 98.0% time in OpenMP regions:
Computation 89.4% N
Synchronization 10.6% 1

Physical core utilization 46.8% M

System load 47.3% W

Physical core utilization is low and some cores may be unused.
Try increasing OMP_NUM_THREADS to improve performance.
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About sample size
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1,000 samples per (MPI) task by default

With multithreading, the sample size per thread is
reduced further

Are they enough for a long running application?

— A 30-minute run: ~1 sample per every 2 sec (0.56 Hz vs. GHz of
clockcycle)

— CrayPat’s sampling rate: 100 Hz by default

— If this were for a binomial distribution (i.e., 2 outcomes only),
1,000 samples would be OK (3% of margin of error under 95%
confidence level). But it’s a multinomial distribution, instead.

Can increase the sample size via the
ALLINEA_SAMPLER_NUM_SAMPLES environment

variable

Can profile only an interesting portion (to have smaller
margins of error without having to use a large sample

NERGY Science -16-
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